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(54) DIGITAL STILL CAMERA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a still image of 
high image quality by making an image- pickup lens 
single body satisfy a specified condition when the 
best value MTF of defocusing at the center of a 
screen on (e) line of the image pickup lens not 
passing through a low-pass filter is taken as the 
function of a specified spatial frequency. 
SOLUTION: In an optical system 31, a luminous flux 
from a subject is transmitted through the image 
pickup lens, and transmitted through an infrared ray 
cut filter RF, etc., then, an image is formed on a solid 
image pickup element CCD. And, the image-pickup 
lens single body satisfys the flowing condition in the 
case an MTF(u) is the best value MTF(modulation- 
transfer-function) in defocusing at the center of the 
screen at the (e) line of the image pickup lens no 
passing through the low-pass filter with (u) as a 
spatial frequency; 0.98<{MTF(1 /4P)}/}1 -( A F/ n P)}<1 , 
provided that P denotes the smallest distance 

between pixels of solid image pickup elements, F denotes an open F number of the image- 
pickup lens, A denotes the wavelength of (e) line and n denotes a ratio of the circumference 
of a circle to its diameter 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIM S _____ 

[Claim(s)] 

[Claim 1] In the digital still camera which televises the image by the image pck-up lens which 
let the low pass filter pass by the solid state image pickup device, and obtains a static image 
When MTF of the best value of defocusing in the screen center in e line of the 
aforementioned image pck-up lens which does not let the aforementioned low pass filter pass 
is set to MTF (u), having used u as spatial frequency, 0.98<{MTF (1/4P)} / {1-(lambdaF/piP)} 
<1, however the minimum spacing between the pixels of P; solid state image pickup device 
(mm) 

wavelength pi; of the open f number lambda;e line (0.546x10 to 3 mm) of F; image pck-up lens 
— number P — the digital still camera characterized by satisfying conditions 
[Claim 2] The digital still camera characterized by satisfying the conditions which become a 
pan 0.93<{MTF (1/2P)}/{1- (2lambdaF/piP)} <1 in a digital still camera according to claim 1. 
[Claim 3] The digital still camera according to claim 1 or 2 characterized by minimum-spacing 
P between the pixels of the aforementioned solid state image pickup device (mm) satisfying 
the conditional expression which becomes 0.002<P<0.008. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION ~~ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the digital still 
camera which televises the image by the image pck-up lens which let the low pass filter pass 
by the solid state image pickup device still in detail with respect to a digital still camera, and 
obtains a static image. 
[0002] 

[Description of the Prior Art] Conventionally, as a camera which used the solid state image 
pickup device, there are an object for dynamic images and an object for static images, and 
high definition is demanded as compared with the camera for dynamic images, such as a video 
camera, in the camera for static images. Moreover, in order to prevent that moire occurs in 
the camera using the solid state image pickup device by interference of the periodicity of the 
pixel spacing of a solid state image pickup device and a photographic subject's pattern 
structure, for example, a stitch pattern etc., an image is doubled using the birefringence 
nature of the quartz plate called low pass filter, and an equivalence-numerical aperture is 
enlarged and is prevented. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when the research was repeated about 
the quality of image of the static image by the optical system of the image pck-up lens which 
let the low pass filter pass, it turns out that it is hard to obtain quality of image satisfactory 
enough. 

[0004] Then, it found [ per enhancement in the quality of image of the static image of the 
camera using the solid state image pickup device ] out that good quality of image could be 
obtained by satisfying the conditional expression about MTF (Moduration-Transfer-Function) 
of the image pck-up lens simple substance which does not let a low pass filter pass 
mentioned later as a result of the trial and error. 

[0005] It is in the purpose of this invention having been made in view of the above-mentioned 
technical probrem, and the purpose of this invention offering the digital still camera using the 
solid state image pickup device from which the quality of image of a good static image is 
obtained from the former. 
[0006] 

[Means for Solving the Problem] The purpose of this invention is attained by the following 
meanses. Namely, the digital still camera of invention according to claim 1 In the digital still 
camera which televises the image by the image pck-up lens which let the low pass filter pass 
by the solid state image pickup device, and obtains a static image MTF of the best value of 
defocusing in the screen center in e line of the aforementioned image pck-up lens which does 
not let the aforementioned low pass filter pass — u — spatial frequency — ** — the time of 
carrying out and being referred to as MTF (u) — 0.98<{MTF (1/4P)} / {1-(lambdaF/piP)} <1 .. 
(1) 

However, the minimum spacing between the pixels of P; solid state image pickup device (mm) 
wavelength pi; of the open f number lambda;e line (0.546x10 to 3 mm) of F; image pck-up lens 
— number P — it is characterized by satisfying conditions 

[0007] It sets with a digital still camera according to claim 1, and the digital still camera of 
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invention according to claim 2 is 0.93<{MTF (1/2P)} / {1-(2lambdaF/piP)} <1 to a pan.. (2) 
It is characterized by satisfying the becoming conditions. 

[0008] For the digital still camera of invention according to claim 3, minimum-spacing P 
between the pixels of the aforementioned solid state image pickup device (mm) is 0.002< 
P<0.008... (3) 

It is characterized by satisfying the becoming conditional expression. 

[0009] Here, an explanation of the above-mentioned conditional expression (1), (2), and (3) is 
preceded, and the related view of MTF and spatial frequency used by explanation is shown in 
drawin g 1 . Drawing, the axis of ordinate shows MTF and the quadrature axis shows spatial 
frequency, respectively. Moreover, UN is a Nyquist rate, the solid line (a) of illustration is MTF 
of the image pck-up lens (optical system) which does not let a low pass filter pass, and the 
dotted line (b) shows MTF of the optical system when letting a low pass filter pass. Moreover, 
as for Q points, spatial frequency shows MTF value of the image pck-up lens simple 
substance in UN for MTF value of an image pck-up lens simple substance in case the spatial 
frequency of P points is UN/2, respectively. 

[0010] Here, if each conditional expression is explained, conditional expression (1) expresses 
the ratio with MTF value (P points of drawin g 1 ) of Nyquist-rate UN / 2 of an actual image 
pck-up lens to MTF value of the approximation which the ideal lens which is the physical 
threshold value by the influence of diffraction mentions later. In addition, Nyquist-rate UN 
means the threshold value of the spatial frequency which the moire of pitch (spacing) P of a 
solid-state image pck-up pixel does not generate. Generally Nyquist-rate UN is expressed 
with UN=1/2P. 

[001 1] In order to prevent occurrence of moire, although it is known by the low pass filter that 
spatial frequency will be made to serve as a sufficiently small value in MTF more than UN, 
MTF value in the point of UN/2 influences the superiority or inferiority of quality of image 
(contrast, resolution), and also influences MTF value in UN / two or less spatial frequency by 
it. In a static image, it stops obtaining sufficient quality of image with lower ****** exceeding 
the lower limit of the above-mentioned conditional expression (1). 

[0012] Moreover, conditional expression (2) expresses the ratio with MTF value (Q points of 
drawin g 1 ) in Nyquist-rate UN of an actual image pck-up lens to MTF value of the 
approximation which the ideal lens which is the physical threshold value by the influence of 
diffraction mentions later. 

[0013] In a static image, it stops obtaining sufficient quality of image with lower ****** 
exceeding the lower limit of the above-mentioned conditional expression (2). 
[0014] Furthermore, if conditional expression (3) expresses the domain of minimum-spacing P 
between the pixels of the optimum solid state image pickup device (mm) and the upper limit of 
conditional expression (3) is exceeded, in order to obtain the sufficient number of pixels, a 
screen size becomes large, and an image pck-up lensizes [ large-sized-] and is not desirable [ 
conditional expression ]. A fall of MTF is large only by enlarging the F value of drawing, and it 
becomes impossible moreover, for lower ****** and the influence of diffraction of a lens not 
to become large exceeding the lower limit of conditional expression (3), and to obtain 
sufficient quality of image to a bright photographic subject. 

[0015] If the approximation of MTF is explained here, when MTF on the optical axis of an ideal 
lens will set wavelength of e line, and F the f number in opening of an image pck-up lens and 
will set u to spatial frequency and theta=cos-1 lambdaFu for lambda, they are MTF(u) =1 / pi 
(2theta-sin2theta). 

It is come out and expressed. If it is set to theta=cos-1 lambdaFu=pi/2-lambdaFu-1/6 
(lambdaFu) 3, and it will be set to theta=pi/2-lambdaFu if the 3rd more than order of 
lambdaFu is disregarded and this is substituted when spatial-frequency u is not not much 
large sin2theta=sin(pi-2lambdaFu) =sin2lambdaFu=2lambdaFu-(lambdaFu) 3/3 + — if it 
becomes ... and the 3rd more than order of lambdaFu is disregarded, it is set to 
sin2theta=sin2lambdaFu, and these will be substituted and it will become MTF(u) =1- 
(4lambdaFu/pi) 
[0016] 
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[Embodiments of the Invention] Here, the outline configuration of the digital still camera of 
this invention is explained based on a drawing. Drawin g 2 is an outline block diagram of a 
digital still camera. In drawin g 2 , the digital still camera 30 consists of optical system 31, 
solid-state-image-pickup-device CCD, an image pck-up circuit 32, a frame memory 33, etc. 
[0017] The digital still camera 30 is a high-definition digital still camera, and optical system 31 
passes along an image pck-up lens, passes infrared cut-off filter RF, low pass filter LF, and 
cover glass CG further, and is carrying out image formation of the flux of light from a 
photographic subject to solid-state-image-pickup-device CCD. Furthermore, image data 
compresses in the image pck-up circuit 32, and it is once stored in a frame memory 33, and it 
is taken out and a high-definition static image is obtained. 

[0018] When the aforementioned image pck-up lens simple substance makes u spatial 
frequency and sets to MTF (u) MTF of the best value of defocusing in the screen center in e 
line of the image pck-up lens which does not let a low pass filter pass, The conditions which 
become 0.98<{MTF (1/4P)}/{1- (lambdaF/piP)} «[ 10.93] {MTF (1/2P)}/{1- (2lambdaF/piP)} <1 
are satisfied. However, for P, the minimum spacing between the pixels of a solid state image 
pickup device (mm) and F are [ the wavelength of e line (0.546x10 to 3 mm) and pi of the open 
f number of an image pck-up lens and lambda ] number P. 
[0019] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing 
with the example of a comparison. In addition, the sign used in this example is shown below, f 

— for a radius (mm) and D, a spacing (mm) and Nd are [ a focal distance (mm) and F / a 
drawing value and R / the Abbe number of d line and P of a refractive index and nud ] 
minimum-spacing P between the pixels of a solid state image pickup device (mm) 

[0020] Moreover, MTF value of the image pck-up lens mentioned later is a value by the wave 
optics-simulation with consideration to the diffraction in e line (0.546x10 to 3 mm). However, 
MTF value of a lens is a thing when the cover glass with the equal optical path length replaces 
a low pass filter in all the examples of this invention, and does not include the effect of a low 
pass filter. 

[0021] next — if the solid state image pickup device (CCD) used for an example is explained 

— a solid state image pickup device — ggapjaLesJ^and_3 — the Sony make — ICx084K — it 
is — a format — 1/3 inch and a unit pixel dimension — 7.4microx7.4micro and the number of 
effective pixels — 659(H) x — gb^t^Q^^^p]xg|£CQ is used by 494 (V) moreover — an 
exam ple^ — Matsushita Electronics Industry MN3773 — a format — 1/2.72 inch and a unit 
pixel dimension — 4.6microx4.6micro and the number of effective pixels — 1152(H) x — 
a^guJJ^mj^i^gi^^CPB is used by 872 (V) 

[0022] Next, if the low pass filter used for an example is explained based on decomposition 
sketch drawing of the low pass filter of drawin g 3 , the low pass filter LF uses the quartz plate 
of three sheets from which it is what used the quartz plate, and the orientation of a 
crystallographic axis is different. The configuration of a low pass filter LF uses that with which 
the opticals axis OA, alumnus, and OC of a quartz plate combined the quartz plates LFA, LFB, 
and LFC of three sheets to which that to which projected 45 degrees on nothing and they 
projected opticals axis OA, alumnus, and OC on flat-surface P perpendicular to the image 
pck-up lens optical axis LO to the image pck-up lens optical axis LO makes an angle (0 
degree, 45 degrees, and 90 degrees) to the longitudinal direction of a screen. Moreover, the 
thickness of each quartz plate is as the following table 1 . 



!0023] 
Table 1] 




»*S«<Z>*£ (mm) 


St6«1, 3 




0° 


1.22 


0.7 5 


4 5' 


0.8 7 


0.3 8 


9 0° 


1.22 


0. 7 5 
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[0024] (Example 1) The optical-system cross section of the image pck-up lens of the example 
1 of this invention is shown in drawing 4 . Moreover, the optical data of an example 1 are 
shown in Table 2. 
[0025] 



[Table 2] 


f-6.035 I F=2 8 ! 






P-0.0074 


[§ No. 


R 


D 


Nd 


v d 




1 


1 2.502 


0.80 


1 .65844 


50.9 




2 


7.757 


1.50 








a 


23.343 


1.70 


1.80518 


25.4 




4 


-55.61 1 


0.20 








5 


6.965 


0.70 


1 .72000 


50.2 




6 


3.436 


6.06 








7 


-5.912 


1.50 


1 .58913 


61 .2 




q 


-5.1 27 


4 02 








9 


100.031 


0.60 


1 84666 


23.8 




10 


6.788 


2.60 


1.77250 


49.6 




1 1 


-12.521 


0.20 








12 


19.019 


1.40 


1.78590 


44.2 




13 


-89.125 


5.31 








1 4 


oo 


1.00 


1.52000 


65.0 




15 


oo 


0.00 








16 


oo 


3.31 


1.54880 


67.0 




17 


oo 


0.20 








18 


oo 


0.75 


1.51633 


64.1 




19 


oo 











[0026] MTF value in e line of this image pck-up lens is as follows. 
[0027] 

The optical-system cross section of the image pck-up lens of the example 2 of MTF0/2P) 
=MTF(67.6) =0.852MTF(1/4P) =MTF(33) =0.93 (example 2) this invention is shown in drawin g 5 
. Moreover, the numeric data of an example 2 is shown in Table 3. 
[0028] 



[Table 3] 


1 = 6.035 I F = 2.8 






P-0.0046 


S No. 


R 


D 


Nd 


v d 




1 


15.684 


0.80 


1.65844 


50.9 




2 


7.523 


1.90 








3 


29.510 


2.00 


1.75520 


27.5 




4 


-29.510 


0.20 








5 


6.742 


0.70 


1 .62299 


58.2 




6 


3.347 


5.45 








7 


-6.267 


1 50 


1 .58913 


61.2 




8 


-4.998 


5.03 








9 


439.379 


0.60 


1.84666 


23.8 




10 


6.609 


2.60 


1.78590 


44.2 




11 


-12.664 


0.20 








12 


21.960 


1.40 


1.78590 


44.2 




13 


-66.657 


6.43 








14 


oo * 


1.00 


1.52000 


65.0 




15 


oo 


0.00 








16 


oo 


1 .89 


1.54880 


67.0 




17 


oo 


0.20 








18 


oo 


0.75 


1.51633 


64.1 




19 


oo 











[0029] MTF value in e line of this lens is as follows. 
[0030] 
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The optical-system cross section of the image pck-up lens of the example 3 of MTF0/2P) 
=MTF(109) =0.756MTF(1/4P) =MTF(54.3) =0.882 (example 3) this invention is shown in drawin g 
6 . The numeric data of an example 3 is shown in Table 4. 
[0031] 

[Table 4] 



! f=6. 19 — 10. 41 — 


17.55 F S3 2.8 — 


3.0 — 3.2 


i 


P = 0.0074 




R 


P 


Md 






1 


34.937 


1 .00 


1 .84666 


23.8 




2 


19.888 


5.30 


1.71 300 


53.9 




3 


263.466 


0.20 








4 


16.966 


3.20 


1.71 300 


53.9 




5 


38.991 


1 .00—4.67 — 7.90 








6 


31.294 


0.60 


1 .77250 


49.6 




7 


5.777 


3.00 








8 


-15.179 


0.60 


1 .77250 


49.6 




9 


8.285 


0.50 








10 


9.358 


2.20 


1 .84666 


23.8 




11 


-181.548 


1 1.83 — 7.14— 3.30 








12 


7.200 


2.50 


1 .74400 


44.8 




1 3 


-17.914 


0.50 








14 


-9.575 


1 .00 


1 .8051 8 


25.4 




15 


8.295 


0.80 








16 


70.192 


2.30 


1 .72916 


54.7 




17 


-11.000 


0.20 








18 


16.017 


2.20 


1 .72916 


54.7 




19 


-39 917 


2.60 — 3.62 — 4.23 








20 


oo 


1.00 


1.52000 


64.0 




21 


OO 


0.00 








22 


oo 


3.31 


1.54880 


67.0 


p - * * * v -r ju * ik j& a * * - ii ^ x 


23 


oo 


0.20 








24 


GO 


0.75 


1.51633 


64.1 . 




25 


oo 











[0032] MTF value in e line of this lens is as follows. 

[0033] At a wide angle edge, MTF =MTF (1/2P) =0.820MTF (67.5) =MTF (1/4P) (33) With the 
focal distance of =0.922 interval MTF =MTF (1/2P) The example of MTF(1/2P) =MTF(675) 
=0.850MTF(1/4P) =MTF(33) =0.926 (example of comparison) comparison is the image pck-up 
lens of a four group configuration zoom lens in =0.828MTF(1/4P) =MTF(33) =0.922 tele edge. 
(67.5) The optical-system cross section of the image pck-up lens of the . pftamD.lejgfLa 
qfl pD.aci.so.ri is shown in drawin g 7 . In addition, drawing shows the wide angle edge. A focal 
distance is f= 4.59-16.02-44.12, and each f number is F-1 .67-2.05-2.44. It is 330,000 pixels of 
effective pixel numbers using ^P ^ Q ^ ^p.QOiLRjmls^ of 1/3 inch formats, and the unit pixel 
dimension of this CCD is P= 0.006mm. 

[0034] Here, the value corresponding to the aforementioned conditional expression (1) of an 
example and the example of a comparison and (2) is shown in Table 5. 
[0035] 
[Table 5] 
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2P 


0.981 


0.959 


0. 940 


0.964 


0.999 


0.850 


0.892 


0. 924 


xP 




0.995 


0.986 


0.986 


0.992 


0.999 


0.952 


0. 964 


0. 973 


--4 

*P 



[0036] As shown in Table 5, all examples have satisfied the aforementioned conditional 
expression. 

[0037] (Evaluation) As the evaluation technique, the picture image was outputted to the video 
monitor and the tester evaluated the vanity taste of a picture image by viewing. The blot of 
the monochrome checker which incorporated the picture image of the resolution test chart 
put on 2m of photographic subject distance to the frame memory of a test program unit, and 
was put on 2m was evaluated, and evaluation is a three-stage and was performed by "O", 

** , and x. 
[0038] 

"O" is satisfactory quality-of-image level (sharpness, contrast). 

the quality-of-image level in which the quality-ofHmage level "x" in which "**" has a problem 
a little has a problem — it is here and an evaluation result is shown in the next table 6 



;0039] 
iTable 6] 








lessen 


o 




o 




o 




A 



[0040] As shown in the above-mentioned table 6, the example of this invention was good 

satisfactory high definition. 

[0041] 

[Effect of the Invention] Since it constituted as mentioned above, the following effects are 
done so. 

[0042] Since it was made to be satisfied of the conditions which become 0.98<{MTF 
(1/4P)}/{1- (lambdaF/piP)} <1 with the claim 1 when MTF of the best value of defocusing in 
the screen center in e line of the image pck-up lens which does not let a low pass filter pass 
was set to MTF (u), having used u as spatial frequency, it became the digital still camera using 
the solid state image pickup device from which the high definition of a good static image is 
obtained. 

[0043] Since it was made to be satisfied of the conditions which become a pan 0.93<{MTF 
(1/2P)}/{1- (2lambdaF/piP)} <1 with the claim 2 in the digital still camera according to claim 1, 
it became the digital still camera using the solid state image pickup device from which the high 
definition of a better static image is obtained. 

[0044] Since minimum-spacing P between the pixels of a solid state image pickup device (mm) 
is made to be satisfied of the conditional expression which becomes 0.002<P<0.008 with a 
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claim 3 and the spacing of a pixel is the optimum, even if a camera does not become large by 
best and the size of a solid state image pickup device enlarges especially an F value, there are 
few falls of MTF. 



[Translation done.] 
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